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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, BRIAN KELSALL, WARREN STROBER, and IVAN 
FUSS, citizens of the United States of America, and THOMAS MARTH, a citizen of 
20 Germany, residing at 5030 Eskridge Terr., N.W., Washington, D.C. 20016, 8301 

Whittier Blvd., Bethesda, MD 20817, 4801 Fairmont Avenue, Apt. 407, Bethesda, MD 
20814, and 4515 Dresden Street, Kensington, MD 20895, U.S.A., respectively, have 
invented new and useful improvements in 

25 METHODS OF USING CR3 AND CR4 LIGANDS FOR 

INHIBITING INTERLEUKIN-12 TO TREAT AUTOIMMUNE DISEASE 



for which the following is a specification. 
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METHODS OF USING CR3 AND CR4 LIGANDS FOR 
INHIBITING INTERLEUKIN-12 TO TREAT AUTOIMMUNE DISEASE 

This application claims priority to U.S. provisional application Serial No. 
5 60/066,238, filed November, 1997, and the 60/066,238 application is herein 
incorporated by this reference in its entirety, 

BACKGROUND OF THE INVENTION 

1 0 Field of the Invention 

The present invention relates to a method of modulating an IL-12 induced 
inflammatory response in a subject via binding of ligand to complement receptors. In 
particular, the present invention provides a method for reducing an IL-12 induced 
inflammatory response and treating an autoimmune disease, comprising administering a 
15 ligand of complement receptor 3 (CR3) or a ligand of complement receptor 4 (CR4) to 
a subject which has the effect of downregulating interleukin-12 production, thereby 
reducing an IL-12 induced inflammatory response and treating an autoimmune disease. 

Background Art 

20 CR3 (CDl lb/CD 1 8) is a heterodimeric molecule which, hke lymphocyte 

function-related antigen 1 (LFA-1, CDl la/CD 18) and CR4 (CDl lc/CD18), belongs to 
the Pj-integrin family of cell adhesion molecules (1-5). CR3 is mainly expressed on 
polymorphonuclear leukocytes, monocytes/macrophages, and natural killer cells (1-2), 
and interacts with a variety of substances including complement fragment iC3b, 

25 intercellular adhesion molecule 1 (ICAM-1), fibrinogen, and P-glucan (2,4). Moreover, 
it mediates the binding of opsonized or unopsonized infectious agents such as 
Histoplasma capsulatum, Leishmania major, group B streptococci, Bordetella 
pertussis, Candida albicans and several mycobacteria (2,5-7,9). 
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Prior studies have shown that CR3 is involved in several monocyte/ 
macrophage functions including transmigrational adhesion (2,4,8), phagocytosis, nitric 
oxide production and the generation of a respiratory burst (2,3,5,8,10). In addition, 
CR3 signaling may indirectly affect T cell function, as indicated in studies in which the 
5 administration of antibodies to CR3 to animals suppressed delayed type 

hypersensitivity (DTH) reactions (11,12) and fatally potentiated infections with Listeria 
monocytogenes or Toxoplasma gondii (13,14). 

CR4 (CDl Ic/CDIS) is a heterodimeric molecule, which, like CR3 
10 (CDl lb/CD 18) and LFA-1 (CDl la/CD 18), is a member of the P2-integrin family of 
adhesion molecules (1-5). It is expressed in a pattern very similar to that of CR3, i.e., 
on polymorphonuclear leukocytes, monocytes/macrophages, dendritic cells, NK cells 
and some B cells and cytotoxic T cells. It interacts with many of the same substances 
as CR3, e.g., iC3b, LPS, ICAM-1, fibrinogen and p-glucan. Binding of a Hgand to 
15 CR4 results in enhanced phagocytosis and CR4 is thought to play a role in 
transmigrational adhesion and antibody-dependent cellular cytotoxicity (1-4). 

Interleukin-12 is a recently characterized cytokine with unique structure and 
pleiotropic effects (36-39). It consists of two disulfide-linked subunits, p40 and p35, 

20 that form functionally active p40/p35 heterodimers or inhibitory p40 homodimers. IL- 
12 is produced mainly by macrophages/monocytes and can be efficiently induced by 
intracellular parasites, bacteria and bacterial products. Functional studies have shown 
that IL-12 enhances cytolytic activity of natural killer (NK) cells and macrophages and 
induces, in synergism with the B7/CD28 interaction, cytokine production and 

25 proliferation of activated NK cells and T cells (40). Furthermore, IL-12 plays a pivotal 
role in Thl T cell differentiation and induces naive T cells to produce IFN-y. As a 
result of this ability to drive T cell responses to the Thl phenotype, administration of 
IL-12 has been shown to be an effective treatment of mice with established parasitic 
infections, which elicit a Th2 T cell response (41,42). 
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The present invention provides a novel approach to downregulating IL-12 
production in an autoimmune disorder due to the discovery that IL-12 production can 
be modulated via the complement receptors CR3 and/or CR4. Accordingly, the present 
invention provides methods for treating autoimmune diseases and other disorders 
5 associated with IL-12 production and release, by the administration, to subject, of a 
ligand of CR3 or CR4 which has the effect of downregulating IL-12 production within 
cells expressing the respective receptor. 

SUMMARY OF THE INVENTION 

10 

The present invention provides a method of downregulating interleukin-12 
production in a subject comprising administering to the subject an IL-12 
downregulating amount of a ligand of CR3 or a ligand of CR 4 effective in 
downregulating IL-12 production. 

15 

In addition, the present invention provides a method of reducing an IL-12- 
induced inflammatory response in a subject, comprising administering to the subject an 
amount of a ligand of CR3 or a ligand of CR4 effective in reducing the IL-12-induced 
inflammatory response. 

20 

Further provided is a method of reducing the symptoms characteristic of an 
autoimmune disease by downregulating IL-12 production, comprising administering to 
the subject an amount of a ligand of CR3 or a ligand of CR4 effective in 
dovmregulating IL-12 production, thereby reducing the symptoms characteristic of an 
25 autoimmune disease. 

A method of treating or preventing the IL-12-induced inflammatory response of 
an autoimmune disease in a subject is also provided, comprising administering to a 
subject an amount of a ligand of CR3 or a ligand of CR4 effective in downregulating 
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production of interleukin-12, thereby treating or preventing the IL-12-induced 
inflammatory response of an autoimmune disease. 

Further provided is a method of treating or preventing the IL-12-induced 
5 inflammatory response of an inflammatory bowel disease in a subject, comprising 

administering to a subject an amount of a Hgand of CR3 or a Ugand of CR4 effective in 
downregulating production of interleukin-12, thereby treating or preventing the 
IL-12-induced inflammatory response of an inflammatory bowel disease. 

10 Also provided is a method of treating or preventing the IL-12-induced 

inflammatory response of septic shock in a subject, comprising administering to a 
subject a ligand of CR3 or a ligand of complement receptor 4 effective in 
downregulating production of interleukin-12, thereby treating or preventing the IL-12- 
induced inflammatory response of septic shock. 

15 

Finally, the present invention provides methods of screening a substance for the 
ability to downregulate IL-12 production upon binding CR3 or CR4, comprising: a) 
contacting the substance with cells that express CR3 or CR4 and produce IL-12; b) 
detecting a reduction of IL-12 production in the cells of step (a), whereby a reduction of 
20 IL-12 production indicates a substance having the potential to downregulate IL-12 

production; and c) determining that the substance identified in step (b) downregulates 
IL-12 production by binding with CR3 or CR4 by competitive assays, thereby 
identifying a substance having the ability to downregulate interleukin-12 production 
upon binding CR3 or CR4. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention may be understood more readily by reference to the 
following detailed description of specific embodiments and the Examples included 
30 herein. As used in the claims, "a" can include one or more. 
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The present invention is based on the surprising discovery that IL-12 production 
can be regulated via the binding of Ugands to CR3 and/or CR4, identifying a new locus 
of control for T cell mediated immunity via these complement components. 
Accordingly, the present invention provides a method of downregulating IL-12 
5 production in a subject, comprising administering to the subject an IL-12 

downregulating amount of a ligand of CR3 and/or a ligand of CR4 effective in 
downregulating IL-12 production. The efficacy of a ligand of CR3 and/or CR4 in 
downregulating IL-12 production in a subject can be determined by measuring the 
amount of IL-12 in the subject according to assays for cytokine measurement which are 
10 commercially available, as well as the protocols described herein and any other suitable 
cytokine measuring assay. 

The present invention also provides a method of reducing an IL-12-induced 
inflammatory response in a subject, comprising administering to the subject an amount 
15 of a Ugand of CR3 and/or a ligand of CR4 effective in reducing the IL-12-induced 
inflammatory response. As used herein, "IL-12-induced inflammatory response" 
means any normal or abnormal immunologic response that in any fashion is dependent 
on IL-12. 

20 The ligand of this invention can be, but is not limited to, any substance which 

has been shown by standard assays well known in the art and as described in the 
Examples provided herein, to bind either CR3 or CR4 (19) and to downregulate IL-12 
production upon binding CR3 or CR4, respectively. Downregulation of IL-12 can be 
determined by measurement of IL-12 directly from cultures of cells stimulated to 

25 produce IL-12 in vitro ^ or directly in the serum of animals given a parenteral stimulus, 
such as LPS, or from animals or humans with inflammation. Assays to measure IL-12 
directly include sandwich enzyme-linked immunosorbent assay (ELISA) or 
measurement of IL-12 bioactivity using a responsive cell line. Examples of the latter 
include the detection of interferon-y (IFN-y) production from IL-12 responsive T cell 

30 lines or from spleen cells from SCID mice. In addition IL-12 mRNA (for both the p40 



6 

ATTORNEY DOCKET NO. 14014.0312 



and p35 subunits) can be measured by RT-PCR techniques from IL-12 producing cells, 
either following culture with CR3 and/or CR4 ligands, followed by more direct stimuli 
of IL-12, such as LPS and IFN-y, or directly isolated from tissues (33). 

5 In the present invention, the ligand for CR3 can be, but is not limited to, an 

antibody to CR3, iC3b, ICAM-1, fibrinogen, p-glucan, C3b, ICAM-2, ICAM-3, a CR3- 
binding microorganism and/or a product of a CR3 -binding microorganism. 
Furthermore, the CR3 -binding microorganism can be Histoplasma capsulatum, 
Cryptococcus neoformans, Mycobacteria species, group B streptococci, Leishmania 
10 species and Candida species. 

Examples of ligands for CR4 include, but are not limited to antibodies to CR4, 
iC3b, ICAM-1, LPS, fibrinogen, p-glucan and CR4-binding microorganisms such as 
Histoplasma capsulatum and Cryptococcus neoformans, as well as any CR4-binding 
15 product of a microorganism that binds CR4. 

It is to be understood that the ligand for CR3 or the ligand for CR4 of this 
invention can be a ligand (e.g., an antibody) which binds to CR3 or CR4 and enhances 
activation of binding of other ligands to CR3 or CR4. An example of such an antibody 
20 is monoclonal antibody M-M522, which specifically binds CDl lb of the CR3 

heterodimer. Thus, it is contemplated that all of the methods of the present invention as 
described herein can include one or more ligands of CR3 and/or one or more ligands of 
CR4. 

25 Any animal which is subject to an IL-12 induced inflammatory response can be 

treated by this method although humans are the primary therapeutic target. Examples of 
nonhuman subjects that can be treated by the methods taught herein can include, but are 
not limited to, mice, rats, rabbits, dogs, cats, non-human primates, as well as any other 
species now known or later discovered to manifest an IL-12 induced inflammatory 

30 response. 
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An IL-12 induced inflammatory response in a subject is generally characterized 
by a variety of physical symptoms and manifestations including, but not limited to, 
fever, fatigue, weight loss, joint swelling, pain, tenderness, stiffness and skin lesions. 
5 In addition, an IL-12 induced inflarmnatory response can be identified by a clinical 
profile which includes an analysis of the results of various laboratory tests, such as 
erythrocyte sedimentation rate (ESR), complete blood count (CBC), serological assay 
for rheumatoid factor, examination of cerebrospinal fluid (CSF), blood chemistry 
analysis, cytokine (IL-12) measurement, as well as an analysis of X-rays, CT/MRI 
10 scans, tissue biopsies and the like. These symptoms and clinical parameters can be 
monitored in a subject to determine the efficacy of administration of the ligand of CR3 
or CR4 in reducing the IL-12-induced inflammatory response. 

The present invention also provides a method of reducing the symptoms 
15 characteristic of an autoimmune disease by downregulating IL-12 production, 

comprising administering to the subject an amount of a ligand of CR3 and/or a ligand 
of CR4 effective in downregulating IL-12 production, thereby reducing the symptoms 
characteristic of an autoimmune disease, 

20 The symptoms characteristic of autoimmune disease include, but are note 

limited to, fever, fatigue, weight loss, joint swelling, pain, tenderness, stiffness, 
lymphadenopathy, visual acuity problems, abnormal blood glucose levels, pulmonary 
symptoms and skin lesions. The efficacy of administration of a ligand to CR3 and/or 
CR4 in downregulating IL-12 production in a subject can be determined by monitoring 

25 these and other symptoms manifested by a subject with an autoimmune disease. The 
lessening of severity or obliteration of one or more symptom indicates effective 
downregulating of IL-12 production in the subject. 

The present invention additionally provides a method of treating or preventing 
30 an IL-12 induced inflammatory response in a subject comprising administering to the 
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subject an amount of a ligand of CR3 and/or CR4 effective in treating the IL-12 
induced inflammatory response. 

The present invention further provides a method of treating or preventing the 
5 IL-12-induced inflammatory response of an autoimmune disease in a subject, 
comprising administering to a subject an amount of a ligand of CR3 and/or CR4 
effective in downregulating production of interleukin-12, thereby treating or preventing 
the IL-12-induced inflammatory response of an autoimmune disease. 

10 As used herein, autoimmune disease describes a disease state or syndrome 

whereby a subject's body produces a dysfunctional immune response against the 
subject's own body components, with adverse effects. This may include production of 
B cells which produce antibodies with specificity for all antigens, allergens or major 
histocompatibility (MHC) antigens or production of T cells bearing receptors 

1 5 recognizing self components and producing cytokines that cause inflammation. The 

autoimmune disease of the present invention can be, but is not limited to, inflammatory 
bowel disease (e.g., Crohn's disease, ulcerative colitis, celiac disease/tropical sprue), 
multiple sclerosis, rheumatoid arthritis, diabetes mellitus, pemicious anemia, 
autoimmune gastritis, psoriasis, Bechet's disease, idiopathic thrombocytopenic purpura, 

20 Wegener's granulomatosis, autoimmune thyroiditis, autoimmune oophoritis, bullous 
pemphigoid, pemphigus, polyendocrinopathies. Still's disease, Lambert-Eaton 
myasthenia syndrome, myasthenia gravis, Goodposture's syndrome, autoimmune 
orchitis, autoimmune uveitis, systemic lupus erythematosus, Sjogren's syndrome and 
ankylosing spondylitis. 

25 

In particular, it is contemplated that the present invention provides a method of 
treating or preventing the IL-12-induced inflammatory response of an inflammatory 
bowel disease (e.g., Crohn's disease, ulcerative colitis, celiac disease/tropical sprue) in 
a subject, comprising administering to a subject an amount of a ligand of CR3 and/or 
30 CR4 effective in downregulating production of interleukin-12, thereby treating or 
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preventing the IL-12-induced inflammatory response of an inflammatory bowel 
disease. 

The IL-12-induced inflammatory response of an autoimmune disease and in 
5 particular of an inflammatory bowel disease can be identified in a subject according to 
the symptoms and parameters of the subject's clinical profile, as described above. The 
efficacy of the administration of a ligand of CR3 and/or CR4 in downregulating 
production of IL-12, thereby treating the IL-12-induced inflammatory response of an 
autoimmune disease, can be determined by observing changes in the subject's 
10 symptoms and parameters of the subject's clinical profile, whereby an improvement in 
symptoms or change in one or more parameter from abnormal to normal or less 
abnormal indicates an effective ligand of CR3 and/or CR4. 

The efficacy of the administration of a ligand of CR3 and/or CR4 in 
1 5 downregulating production of XL- 12, thereby preventing the IL- 1 2-induced 

inflammatory response of an autoimmune disease, can be determined by identifying a 
subject to be at risk of developing an autoimmune disease, administering the ligand of 
this invention to the subject at risk and monitoring the subject over time for the 
development of an IL-12 induced inflammatory response of an autoimmune disease 
20 according to the methods provided herein. 

A method of treating or preventing the IL-1 2-induced inflammatory response of 
septic shock in a subject is also provided, comprising administering to a subject a 
ligand of CR3 and/or CR4 effective in downregulating production of interleukin-12, 

25 thereby treating or preventing the IL-1 2-induced inflammatory response of septic 

shock. As used herein, "septic shock" describes a disease state characterized by fever, 
low blood pressure, multiorgan system failure, disseminated intravascular coagulation 
(DIC). A diagnosis of septic shock can be further established by detection and 
monitoring of such clinical parameters as laboratory tests, including LDH, CRP and 

30 lactate, as well as arterial blood gas analysis. 
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The efficacy of treating an IL-12 induced inflammatory response of septic shock 
by administering a Hgand of CR3 and/or CR4 can be determined by observing changes 
in the subject's symptoms and parameters of the subject's clinical profile, whereby an 
improvement in symptoms or change in one or more parameter fi"om abnormal to 
5 normal or less abnormal indicates an effective ligand of CR3 and/or CR4. 

The efficacy of the administration of a ligand of CR3 and/or CR4 in 
downregulating production of interleukin-12, thereby preventing the IL-12-induced 
inflammatory response of an septic shock, can be determined by identifying a subject to 

10 be at risk of developing septic shock, administering the ligand of this invention to the 
subject at risk and monitoring the subject over time for the development of an IL-12 
induced inflammatory response of septic shock according to the methods provided 
herein. A subject can be identified as being at risk of developing septic shock 
according to the symptoms and clinical parameters provided herein and in particular, 

15 the development of fever, low blood pressure and signs and symptoms of early organ 
failure, as would be well known to a clinician. 

As a further embodiment, the present invention provides a method of screening 
a substance for the ability to downregulate IL-12 production upon binding CR3, 

20 comprising: a) contacting the substance with cells that express CR3 and produce IL-12; 
b) detecting the presence or absence of IL-12 production in the cells of step (a), 
whereby an absence of IL-12 production indicates a substance having the potential to 
downregulate IL-12 production; and c) determining that the substance identified in step 
(b) downregulates IL-12 production by binding with CR3 by competitive binding 

25 assays, as are well known in the art, thereby identifying a substance having the ability 
to downregulate interleukin-12 production upon binding CR 3. For example, the 
competitive binding assay can comprise the steps of contacting the substance of step (b) 
and a known non-activating or inhibiting ligand of CR3 with the cells of step (a) and 
detecting inhibition of the ability of the substance of step (b) to downregulate IL-12 

30 production, whereby inhibition of the ability of the substance of step (b) to 
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downregulate XL- 12 production identifies the substance of step (b) as a substance which 
binds CR3. The non-activating or inhibiting CR3 ligand of this assay can be, but is not 
Umited to, non-activating or inhibiting antibodies to CR3 and soluble CR3 receptors, as 
well as any other substance now known or later identified to be a non-activating or 
5 inhibiting ligand of CR3 . 

Cell types which can be used in the above CR3 ligand binding screening 
method include, but are not limited to, human monocytes, neutrophils and 
myelomonocytic cell Hues, such as THP-1 (ATCC TIB 202) or RPMI 1640 cells, as 
10 well as any other cell type now known or later identified to express CR3 and produce 
IL-12 which can be detected by the assays of this invention. 

Also provided is a method of screening a substance for the ability to 
downregulate IL-12 production upon binding CR4, comprising: a) contacting the 

15 substance with cells that express CR4 and produce IL-12; b) detecting the presence or 
absence of IL-12 production in the cells of step (a), whereby an absence of IL-12 
production indicates a substance having the potential to downregulate IL-12 
production; and c) determining that the substance identified in step (b)downregulates 
IL-12 production by binding with CR4 by competitive binding assays, as are well 

20 known in the art thereby identifying a substance having the ability to downregulate 
interleukin-12 production upon binding CR4. For example, the competitive binding 
assay can comprise the steps of contacting the substance of step (b) and a known non- 
activating or inhibiting ligand of CR4 with the cells of step (a) and detecting inhibition 
of the ability of the substance of step (b) to downregulate IL-12 production, whereby 

25 inhibition of the ability of the substance of step (b) to downregulate IL-12 production 
identifies the substance of step (b) as a substance which binds CR4. The non-activating 
or inhibiting CR4 ligand of this assay can be, but is not limited to, non-activating or 
inhibiting antibodies to CR4 and soluble CR4 receptors, as well as any other substance 
now known or later identified to be a non-activating or inhibiting ligand of CR4. 
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Cell types which can be used in the above CR4 ligand binding screening 
method include, but are not limited to, human monocytes, neutrophils and 
myelomonocytic cell lines, such as THP-1 (ATCC TIB 202) or RPMI 1640 cells, as 
well as any other cell type now known or later identified to express CR4 and produce 
5 IL-12 which can be detected by the assays of this invention. 

As described above, the ligand of this invention can be any substance that binds 
CR3 or CR4 and has the effect of downregulating IL-12 production in the cell to which 
it binds. For example, the ligand of this invention can be an antibody to CR3 or an 

10 antibody to CR4. The antibodies of this invention can be either monoclonal or 
polyclonal and can be from any source. For example, monoclonal or polyclonal 
antibodies can be produced which specifically bind either CR3 or CR4 and screened for 
specificity and activity according to protocols well known in the art (25). The antibody 
can bind both CR3 and CR4. However, to reduce the immunogenicity of the 

15 immunoglobulins themselves, antibodies are preferably of human origin or are 

antibodies generated in other species and "humanized" for administration in humans as 
described in the Examples provided herein. The antibodies of this invention can be 
fragments which retain the ability to bind their specific antigens. 

20 The ligand of this invention can be administered orally or parenterally to the 

subject in a pharmaceutically acceptable carrier. Suitable carriers for oral 
administration of the antigen include one or more substances which may also act as 
flavoring agents, lubricants, suspending agents, or as protectants. Suitable solid 
carriers include calcium phosphate, calcium carbonate, magnesium stearate, sugars, 

25 starch, gelatin, cellulose, carboxypolymethylene, or cyclodextrans. Suitable liquid 

carriers may be water, pyrogen free saline, pharmaceutically accepted oils, or a mixture 
of any of these. The liquid can also contain other suitable pharmaceutical additions 
such as buffers, preservatives, flavoring agents, viscosity or osmo-regulators, stabilizers 
or suspending agents. Examples of suitable liquid carriers include water with or 

30 without various additives, including carboxypolymethylene as a pH-regulated gel. The 
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ligand may be contained in enteric coated capsules that release the ligand into the 
intestine to avoid gastric breakdown. 



For parenteral administration of the ligand, a sterile solution or suspension is 
5 prepared in saline that may contain additives, such as ethyl oleate or isopropyl 

myristate, and can be injected, for example, into subcutaneous or intramuscular tissues, 
as well as intravenously. 

Alternatively, the ligand may be microencapsulated with either a natural or a 
10 synthetic polymer into microparticles 4-8 ^m in diameter, which target intestinal 

lymphoid tissues and produce a sustained release of ligand for up to four weeks (43,44). 



The ligand of this invention can be administered to the subject in amounts 
sufficient to downregulate IL-12 production, reduce an IL-12 induced inflammatory 

15 response and/or treat or prevent autoimmune disease. Optimal dosages used will vary 
according to the individual being treated and ligand being used. The amount of Ugand 
will also vary among individuals on the basis of age, size, weight, condition, etc. One 
skilled in the art will realize that dosages are best optimized by the practicing physician 
and methods for determining dosage are described, for example, in Remington 's 

20 Pharmaceutical Sciences (45). 



Typically, for treatment of humans, ligand to CR3 and/or CR4 would be 
administered parenterally in a dosage ranging from 0.1 to 1000 mg/kg/body weight/day 
with a preferred dosage range of 1-10 mg/kg/day and most preferred dosage of 10-50 

25 mg/kg/day. Ligands can be administered daily, up to three times a week for between 
one week and four months. Administration of the ligand can be stopped completely 
following a prolonged remission or stabilization of disease signs and symptoms and 
readministered following a worsening of either the signs or symptoms of the disease, or 
following a significant change in immune status, as determined by routine follow-up 

30 immunological studies well known to a clinician in this field (e.g., a return to 
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significant reactivity of immune cells to a particular suspected or known disease- 
causing antigen or to a particular tolerogen (49-67). 

The efficacy of administration of a particular dose of a ligand for CR3 and/or 
5 CR4 in reducing an IL-12 induced inflammatory response, downregulating IL-12 
production, treating or preventing the IL-12 induced inflammatory response of an 
autoimmune disease and/or treating or preventing the IL-12 induced inflammatory 
response of septic shock can be determined by evaluating the particular aspects of the 
medical history, the signs, symptoms and objective laboratory tests that have a 

10 documented utility in evaluating inflammation and disease activity. These signs, 

symptoms and objective laboratory tests will vary depending on the particular disease 
being treated or prevented, as will be well known to any clinician in this field. For 
example, if, based on a comparison with an appropriate control group and knowledge of 
the normal progression of disease in the general population or the particular individual, 

15 1) a subject's frequency or severity of recurrences is shown to be improved, 2) the 
progression of the disease is shown to be stabilized, or 3) the need for use of other 
immunosuppressive medications is lessened, then a particular treatment will be 
considered efficacious. 

20 In a particular example, in using the ligands of the present invention to treat an 

autoimmune disease such as multiple sclerosis, clinical parameters and symptoms 
which can be monitored for efficacy can include the severity and number of attacks; or 
for continuously progressive disease, the worsening of symptoms and signs; the 
cumulative development of disability; the number or extent of brain lesions as 

25 determined by magnetic resonance imaging; and the use of immunosuppressive 
medications (49,50). 

Once it is established that the IL-12 induced inflammatory response has been 
reduced and/or that disease activity is significantly improved or stabilized by a 
30 particular ligand treatment, specific signs, symptoms and laboratory tests will be 
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evaluated in accordance with a reduced or discontinued treatment schedule. If an 
inflammatory response or disease activity recurs, based on standard methods of 
evaluation of the particular signs, symptoms and objective laboratory tests as described 
herein, treatment can be reinitiated. 

5 

Additionally, the efficacy of administration of a particular dose of a ligand of 
CR3 and/or CR4 in preventing an autoimmune disease in a subject not known to have 
an autoimmune disease, but known to be at risk of developing an autoimmune disease, 
can be determined by evaluating standard signs, symptoms and objective laboratory 
10 tests, known to one of skill in the art, over time. This time interval may be long 

(years/decades). The determination of who would be at risk for the development of an 
autoimmune disease would be made based on current knowledge of the known risk 
factors for a particular disease familiar to clinicians and researchers in this field, such as 
a particularly strong family history of disease. 

15 

The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

20 EXAMPLES 

Cell isolation, cell culture conditions and assessment of cytokine production 
Human monocytes were obtained fi-om healthy donors (total n=14) by standard 
leukapheresis and were highly purified (95-99% purity) by counterflow centrifugal 
25 centrifugation (15). Cell purity was checked by flow cytometry analysis using 
monoclonal antibodies to CD14 and CDl lb (Becton Dickinson, San Jose, CA). 
Monocytes were cultured at 2 xlO^ cells/ml for 24 h in 1 ml of RPMI 1640 medium 
(Whittaker, Walkersville, MD) supplemented with 10% fetal calf serum (Whittaker), 
100 |ig/ml penicillin, 100 |ig/ml streptomycin and 0.03% glutamine and stimulated at 
30 the beginning of the culture with the following substances as indicated: heat-killed. 
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formalin- fixed Staphylococcus aureus cells (SAC; Cowan I strain, Calbiochem, 
Cambridge, MA), lipopolysaccharides (LPS) {Escherichia coli serotype 0127:B8, 
Sigma, St. Louis, MO); (the latter two substances bind via CD14) (16,17); recombinant 
interferon-Y (IFN-y) (Genzyme, Cambridge, MA), CD40L trimer (which binds to 
5 CD40; Immunex Corporation, Seattle, WA), recombinant human soluble ICAM-1 

(R+D System, Minneapolis, MN), interferon-a (IFN-a) (Endogen, Cambridge, MA), or 
anti-IFN-Y (Endogen). One experiment was typically performed with the monocytes 
from one donor and there was variability in individual amounts of IL-12 production (e. 
g., range for SAC plus IFN-y stimulation: 380-3300 pg/ml IL-12 p70, mean approx. 

10 1750 pg/ml). Monocytes were incubated with heat-killed^HO (strain GS-57; Dr. R. 

Seder, Lymphokine Regulation Unit, NIAID, NIH) or iC3b-SRBC (2 xlOVml) 2 h prior 
to stimulation as indicated. iC3b-SRBC were prepared by sequential addition of anti- 
sheep erythrocytes (IgM; Pharmingen, San Diego, CA) and C5-deficient mouse serum 
(Sigma) to SRBC as described (18,19). The presence of iC3b on the cell surface was 

15 verified by flow cytometry showing a >10 fold increase in fluorescence intensity of 
staining with a monoclonal antibody to the iC3b neoantigen (Quidel, San Diego, CA). 
Human PBMC were isolated by FicoU-Hypaque density gradient centrifugation from 
leukocyte concentrates prepared by automated leukapheresis of healthy donors (total 
n=5) as described (15). PBMC were cultured similar to monocytes, except that they 

20 were cultured at 1 x 10^ cells/ml for 48 h and stimulated with PHA (Sigma). In some 
experiments, recombinant human IL-12, recombinant IL-2, or antibodies to IL-12 
(clone C17.8; all reagents from Pharmingen) were added as indicated. 

Culture supematants were assessed in duplicates by enzyme linked 
25 immunosorbent assay (ELISA) using kits or antibody pairs for IL-12 p70, TNF-a (both 
from R+D Systems), IL-12 p40, IL-10 (both from Pharmingen), IL-6, IL-lp, IFN-a, 
IFN-Y, (all from Endogen, Cambridge, MA) and TGF-P (Genzyme). Unstimulated 
cultures (with or without added integrin antibodies) contained cytokines below the 
detection limit (IL-12 p70 >5 pg/ml, IL-12 p40 >20 pg/ml, IFN-a >10 pg/ml, IL-10 
30 >100 pg/ml, TGF-P >50 pg/ml, IL-6 >50 pg/ml, IL-1 p >25 pg/ml). For TNF-a, the 
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detecting limit was >25 pg/ml and the background was below 200 pg/ml. Integrin 
antibodies were added at the beginning of the culture in the indicated concentrations 
and were obtained in a preservative free preparation or dialyzed overnight before use. 
The antibodies and monocyte stimulants (e. g. CD40L trimer, ICAM-1) contained low 
5 endotoxin levels (as per information by the manufacturer or as demonstrated in 

appropriate assays performed in the presence of 1-5 |ig/ml of polymyxin B (Sigma), 
which revealed little or no effect on XL- 12 and TNF-a production). Antibodies were 
bound to plastic culture plates by overnight incubation with 100 |xl of carbonate buffer 
at 4°C overnight followed by washing with PBS and bound to polystyrene beads (goat 

10 anti-mouse IgG, Dynabeads M450, Dynal, Lake Success, NY) according to the 

manufacturer's instruction. L-cells stably transfected with a plasmid expressing the 
FcyRII receptor (CD32w) as previously described (20,21) were incubated with 10 
)il/ml of antibody at 37 °C for 1 hr, washed and used for the assays. Integrin antibodies 
were obtained from the American Typo Culture Collection (ATCC, Rockville, MD; 

15 clone LM2/1 (18), isotype: murine IgGl; and clone Ml/70, rat anti mouse/human 

IgG2b), Bender MedSystems (Vienna, Austria; clone LM2/1), Monosan (Amsterdam, 
Netherlands; clone MEM-48, murine IgGl), Pharmingen (clones G43-25B [murine 
IgG2b], B-ly6 [murine IgGl], 44 [murine IgGl], 107.3 [murine IgGl], G555-178 
[murine IgG2a]), Becton Dickinson (clone D12, murine IgG2a), and Caltag (San 

20 Francisco, CA; clone CLB-LFA-1/1, murine IgGl). 

Western blotting 

Human monocytes (2.5 x 10^ in 5 ml per condition) were either untreated, 
treated with anti-CR3 (clone LM2/1, 10 |ig/ml) for 20 min, treated with recombinant 

25 IFN-Y (1 ^ig/ml) for 5 min, or treated with LM2/1 for 20 min followed by IFN-y for 5 
min. Cells were then solubilized in a buffer consisting of 1% Triton X (Pierce, 
Rockford, IL), 150mM NaCl, 50mM Tris pH 8.0, 50mM Na-pyrophosphate, 2.5mM 
aprotinin, 2.5mM leupeptin, ImM phenylmethylsulfonyl fluoride, and ImM NaV03(all 
from Sigma). Protein concentration of the cell lysates was estimated by measuring the 

30 optical density at 280nm based on the assumption that optical density of 1 .4 
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corresponds to 1 mg/ml. Cell lysates were analyzed using Tris-glycine gels (Novex, 
San Diego, CA) with equivalent amounts of protein in each lane, followed by 
electrophoretic transfer to nitrocellulose membranes (Schleicher and Schuell, Keene, 
NH). After ovemight blocking in 5% non-fat dry milk, 150mM NaCl, 50mM Tris and 
5 0.05% Tween 20, membranes were incubated with horseradish peroxidase (HRP)- 
conjugated phosphotyrosine antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) 
for 2 h. Membranes were then washed and developed with enhanced 
chemiluminescence (ECL; Pierce). Cell lysates from epidermal growth factor- 
stimulated A43 1 cells (Upstate Biotechnology Incorporation, Lake Placid, NY) served 

10 as positive control for phosphotyrosine and STATl (signal transducers and activators 
of transcription) expression. For re-probing, membranes were stripped in 0.2M glycine 
buffer (pH 2.8) for 30 min, washed, exposed to a rabbit polyclonal antibodies 
specifically reacting with STATl (Santa Cruz), washed again, incubated with a donkey 
anti-rabbit HRP conjugated antibody (Amersham Life Sciences, Arlington Heights, IL), 

1 5 and developed with enhanced chemiluminescence. 

Treatment of animals, LPS challenge and detection of cytokine levels 

6-10 week old BALB/c mice housed under standard conditions were treated 
intraperitoneally with 0.5 ml of PBS containing either rat Ig (1 mg per mouse, Sigma), 

20 antibodies to CR3 (1 mg of clone Ml/70 or 0.5 mg of 5C6 [Biosource International, 
Camarillo, CA]), or anti-IL-12 (1 mg, clone C17.8; Dr. G. Trinchieri, The Wistar 
Institute, Philadelphia, PA). This treatment was followed one hour later by a 
intravenous (tail vein) injection of LPS (1 p.g per mouse in 100 |j.1 of PBS) or PBS 
alone. Mice were then either sacrificed either three (for determination of IL-12 p40) or 

25 six hours (for IL-12 p70 and IFN-y) later by cervical dislocation after blood had been 
obtained by cardiac puncture from anesthetized mice. Serum was obtained after 30 min 
clotting of the blood at 37°C and subsequent centrifugation. Serum levels of IL-12 (p40 
and p70) and IFN-y were assessed by ELISA using antibody pairs from Pharmingen. 
Injection of higher doses of anti-CR3 (e.g. 1 or 3 mg Ml/70 per mouse at 12 h and/or 1 

30 h prior to LPS challenge) had no additional suppressive effects on IL-12 or IFN-y 
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secretion. IL-12 p70 and IFN-y were not detectable in mice which had received only 
PBS and were very low or undetectable at three hours after LPS administration or in 
anti-IL-12 treated mice. 

5 Statistics, Statistical significance of differences was determined by Student's t- 

test where indicated. 

It is understood that the protocols described herein for identifying and 
characterizing the IL-12 downregulating effects of ligands of CR3 can also be applied 
10 to ligands of CR4. 

In initial studies it was determined whether antibodies to CR3 affect the 
secretion of IL-12 by highly purified human monocytes stimulated with Staphylococcus 
aureus cells (SAC) and interferon-y (IFN-y). Exposure of monocytes to monoclonal 

15 antibodies that bind to the functionally important I-domain of CR3 (CDl lb; clone 
LM2/1, (18)) or to CD 18 results in a dose dependent and profound reduction of IL-12 
(p70 heterodimer and p40 monomer) secretion, whereas antibodies to CDl la had no 
effects. Similarly, with the use of CR4 (CDl Ic) antibodies, there were downregulating 
effects on IL-12 production. These cytokine protein levels correlated with 

20 downregulated messenger RNA levels for IL-12 p35 and p40 as determined by reverse- 
transcriptase PCR. The blockade of IL-12 production was observed with a variety of 
monocyte stimulants known to induce IL-12 (e. g., IFN-y in combination with 
lipopolysaccharide [LPS], SAC or CD40L trimer) and with a panel of monoclonal 
antibodies to CR3 and CR4 (Table 1). In contrast, secretion of other monocyte products 

25 such as tumor necrosis factor a (TNF-a), IL-10, transforming growth factor p (TGF-p), 
IL-6 and IL-ip was not significantly altered by any of the above antibodies (as 
determined in the same cultures), nor was cell viability (trypan blue exclusion) or cell 
surface expression of CD 14 (flow cytometry). The one exception was an anti-CR3- 
induced reduction of IFN-a secretion (Table 1), a macrophage-derived cytokine 

30 previously shown to enhance IL-12 induced Thl development (22). For higher doses of 
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CDUb abs (25 Kig/ml), a further downregulation of IL-12 (<5 pg/ml) was observed, as 
well as a twofold increase in IL-6 (5450 pg/ml), a cytokine dichotomy previously 
described in individuals with human immunodeficiency virus (HIV) infection (23). 

5 The ability of natural CR3 ligands to suppress IL-12 production was examined 

by using iC3b coated sheep red blood cells (iC3b-SRBC) and heat-killed Histoplasma 
capsulatum (HC), an organism that binds to CR3 (3,24). Similar to the findings with 
anti-CD 1 lb, when human monocytes were incubated with iC3b-SRBC or heat-killed 
HC and subsequently stimulated with IFN-y and either SAC, LPS, or CD40L trimer, a 

10 downregulation of IL-12 p70 production was observed, whereas TNF-a and IL-10 
levels were largely unaffected. The inhibition of IL-12 production by HC was: 1) not 
due to direct suppression by IL-10, since the addition of anti -IL-10 antibodies (10 
^g/ml) to the cultures only slightly increased the levels of IL-12; and 2) was related to 
the ability of HC to bind to p2 integrins, since the addition of a CD 18 antibody (clone 

15 CLB LFAl/1 which did not directly inhibit IL-12 production, see Table 1) to these 
cultures partially reversed the suppressive effect of HC (threefold increase in IL-12 
p70, i. e., to 40% of levels without HC). 

The suppression of IL-12 production by antibodies and ligands to CR3 could be 
20 due either to the transmission of a direct inhibitory signal through the CR3 molecule, or 
to the blocking of a positive signal for IL-12 production, as could be provided through 
interactions between CR3 and ICAM-1 on neighboring monocytes. To clarify this 
issue, a number of studies were conducted, which together suggested that important 
cell-cell interactions, especially via ICAM-1 /CR3, are not particularly important for the 
25 induction of IL-12. These studies thus indirectly supported the conclusion that CR3 
antibodies act via a direct inhibitory signal. First, the relative production of IL-12 per 
monocyte following SAC and IFN-y stimulation was not altered when cells were 
diluted over large ranges (^ 1:1,000) prior to culture, i.e., resulting in decreased 
homotypic interactions. Second, the addition of blocking anti-ICAM-1 to monocyte 
30 cultures to block ICAM-1 /CR3 interactions on neighboring monocytes did not suppress 
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IL-12 production. And third, antibodies to CDl lb (clone LM2/1) immobilized onto 
plastic culture plates, polystyrene beads coated with anti-mouse IgG (Dynal, Lake 
Success, NY), or to FcyRII receptor (CD32)-expressing L cells, completely inhibited 
SAC plus IFN-Y induced IL-12 production, suggesting that the membrane-fixed subset 
5 of CR3 (i.e., which remains unbound to the solid supports (26)) is not capable of 
providing a positive signal for IL-12 production through an interaction with ICAM-1 
on neighboring monocytes. 

Because these studies provided only indirect evidence that anti-CR3 was acting 

10 to transmit a negative signal to monocytes, studies were conducted in order to look 
more directly for intracellular targets of inhibitory signaling by CR3. Inhibition of 
tyrosine phosphorylation by CR3 signaling seemed possible since this effect had been 
previously demonstrated in a system that involves a CR3 ligand. Thus, it has been 
shown that tyrosine phosphorylation in response to IFN-y was suppressed in 

15 macrophages infected with L, donovani (27), an organism binding to monocyte CR3 by 
either gp63 or lipophosphoglycan (LPG) (3,7). Furthermore, a similar phenomenon has 
been described in human monocytes after the binding of immune complexes (28) and a 
role for pl-integrin engagement in tyrosine dephosphorylation has been established 
(29). Thus, the possibility that reduced production of IL-12 and IFN-a could follow a 

20 CR3 -induced inhibition of IFN-y signal transduction was examined. Incubation of 

monocytes with IFN-y alone induced tyrosine phosphorylation of several proteins, one 
of which was identified as STATl (signal transducers and activators of transcription 1) 
by Westem blotting with anti-STATl antibodies and by use of a positive tyrosine 
phosphorylated STATl control. Following preincubation with anti-CR3, IFN-y- 

25 induced tyrosine phosphorylation of several proteins, including STATl was not seen, 
suggesting an inhibition of tyrosine phosphorylation, or altematively, an accelerated 
dephosphorylation of tyrosine residues by an as yet unidentified protein tyrosine 
phosphatase. 
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The inhibition of IFN-y-mediated STATl activation (i. e., phosphorylation) 
presents a potential mechanism by which signaling through CR3 could decrease 
monocyte IL-12 production, since there are two potential STATl binding sites (IFN-y 
activation sequence (GAS) elements) in the human IL-12 p40 promoter (positions -127 
5 to -1 19 and -277 to -268 of the published sequence) and since deletion mutations 
including these sites reduced transcription of a reporter gene (30). In addition, it is 
possible that the JAK-STAT-GAS signal transduction pathway may be important for 
the regulation of human IL-12 p35 gene transcription and translation which is induced 
by stimulation with IFN-y (30), or be involved in the expression of gene products that 

10 are indirectly responsible for the upregulation of IL-12p35 or IL-12p40 gene 

transcription or translation. Finally, the possibility that in addition to its effects on IFN- 
Y signaling, anti-CR3 suppressed IL-12 production through an IFN-y independent 
mechanism as well, was supported by the observation that the low level of IL-12 
induced by SAC alone, which was unchanged with the addition of anti-IFN-y, was also 

1 5 inhibited with anti-CR3 . 

Studies on functional effects of CR3 signaling were extended to a murine model 
of IL-12-dependent septic shock. In this model, the intravenous injection of LPS results 
in symptoms of septic shock as well as high serum levels of IFN-y and IL-12, all of 

20 which can be inhibited by the systemic administration of anti-IL-12 (31). This in vivo 
model was selected to study the effects of the antibodies to CR3 because, when 
compared to others, this model should be much less dependent on cell trafficking. This 
is because the injected LPS should be rapidly delivered to all lymphoid tissues and the 
response to LPS is unlikely to depend on significant migration of cells, at least within 

25 the first 3 or 6 hours, the times at which IL-12 and IFN-y, respectively, were measured. 

BALB/c mice were given intraperitoneal injections of either CR3 antibodies (1 
mg of clone Ml/70 or 0.5 mg of 5C6, both of wh ich are non-opsonizing antibodies 
(8,32)) or control IgG 1 hour prior to LPS injection and were sacrificed six hours later, 
30 at which time serum was obtained. Pretreatment with anti-CR3 reduced the serum 
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levels of IL-12 (p40 and p70) by more than 4 and 2.5-fold, respectively, and similarly 
diminished the levels of IFN-y 4-fold. The effects on IL-12 by treatment with Ml/70 or 
5C6 abs were, consistent with prior studies of these antibodies (8,13), not due to 
eliminato circulahng^ total and differential white blood cell counts 

5 were similar in all treatment groups. In addition, whole spleen cells from anti-CR3- 
treated and LPS challenged mice stimulated in vitro with anti-CD3/anti-CD28 or PHA 
manifest reduced (2-4-fold) IFN-y production when compared to control mice. In 
accordance with these findings, addition of anti-CD 1 lb antibodies (10 fiL/ml) markedly 
inhibited IFN-y production in human monocyte cultures stimulated with either 

10 phytohemagglutinin (PHA) (3,310 pg/ml IFN-y for isotype control, 1,100 pg/ml for 
anti-CDllb (LM2/1)), platebound anti-CD3 plus anti-CD28 (3250 pg/ml IFN-y for 
isotype control, <10 pg/ml for anti-CDllb) or anti-CD2 plus anti-CD28 (2,450 pg/ml 
IFN-y for isotype control, <10 pg/ml for anti-CD 1 lb), but had no significant effect on 
cell viability or on cell proliferation (as determined by ^H-thymidine incorporation at 

15 72 h). The above effects of anti-CR3 on IFN-y production were reversed by addition of 
recombinant human IL-12 (1,100 pg/ml IFN-y after PHA stimulation with anti-CR3, 
3,210 pg/ml after addition of 20 ng/ml of IL-12) but not by IL-2, indicating the 
specificity for IL-12. 

20 The effects of anti-CR3 antibodies in reducing the inflammatory response were 

also evaluated in another model of chronic inflammation, namely the 
trinitrochlorobenzene sulfonic acid (TNBS)-induced colitis model. Induction of a 
chronic granulomatous colitis was achieved by intrarectal administration of the 
haptenizing agent TNBS (2 mg in 50% ethanol in a total volume of 100 |il) intrarectally 

25 into SJL/J mice on day 0. Control mice were treated with 50% ethanol alone. On day 
21, mice were given rat Ig (1 mg), anti-CR3 antibodies (1 mg) or anti-IL-12 antibodies 
(2 mg). Weight of mice was recorded as a read-out for the clinical condition on days 0, 
21, 24 and 28, with five mice per group. Mice treated with anti-CR3 or with anti-IL-12 
exhibited a rapid increase in body weight as compared to TNBS plus rat Ig-treated 

30 mice. Mice were sacrificed on day 28 and cells from the lamina propria were isolated 
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by standard procedures. Following in vitro restimulation with anti-CD3/anti-CD28, the 
IFN-y secretion of the cells was determined by ELISA. IFN-y production in the TNBS , 
group was abrogated following treatment with anti-CR3 or anti-IL-12. 

5 To summarize the TNBS-induced colitis model data, the treatment of TNBS 

colitis, a Thl -mediated inflammatory disorder, with anti-CR3 antibodies resulted in a 
significant clinical improvement, as measured by increase of body weight as well as an 
abrogation of the Thl cytokine (IFN-y) response. 

10 These data show that the XL- 12 response, crucial for the initiation of most CMI 

functions (33), may be regulated by CR3 and/or CR4 signaling. Thus, they provide 
insight into mechanisms underlying the ability of CR3 antibodies to abolish DTH 
reactions (8,1 1,12), to ameliorate Thl cell-mediated autoimmune diseases including 
antigen-induced arthritis (34) and experimental allergic encephalomyelitis (35), and to 

15 enhance the severity of infections with L. monocytogenes (13) or T, gondii (14). In 
addition, our studies demonstrating the specific inhibition of IL-12 by HC and iC3b- 
SRBC may explain the impaired CMI accompanying infections with CR3 binding 
microorganisms (e. g., L. major, mycobacteria, HIV) (3,68). In this regard they may 
provide a cogent reason for the diminished IL-12 production by mononuclear cells in 

20 HIV infected individuals (17) and in leishmaniasis (68). It is possible that CR3-induced 
suppression of IL-12 responses to the above microorganisms may result in suppressed 
monocytic nitric oxide production and respiratory burst, thereby explaining their ability 
to thrive in intracellular compartments. 

25 Thus, in disease states as well as in normal responses to invading 

microorganisms, signaling through CR3 and/or CR4 may play an important role in 
regulating Thl-Th2 homeostasis via IL-12. This is important for understanding the 
pathogenesis of infectious diseases and may provide a new approach for therapeutic 
immunointervention targeting IL-12. 
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Administration ofligand to CR3 and/or CR4 to a human subject having an IL- 
12 induced inflammatory response. To reduce an IL-12 induced inflammatory response, 
to downregulate IL-12 production in a human subject and/or to treat or prevent an IL- 
12 induced inflammatory response of an autoimmune disease or septic shock in a 
5 human subject, 0.1-1000 mg/kg ofligand to CR3 and/or CR4 can be administered 

parenterally to the subject as often as daily, up to about three times a week, for between 
about one week and about four months, or until cUnical parameters, i.e, signs, 
symptoms and objective laboratory tests with which clinicians in this field will be 
familiar, indicate reduction of inflammation and/or prolonged remission, stabilization 
10 or improvement. 

Production of humanized mouse antibodies to CR3 and CR4. Rodent 
monoclonal or polyclonal antibodies can be modified according to the protocols set 
forth in Junghans et al. (46), Brown et al. (47) and Kettleborough et al. (48). 

15 Specifically, rodent antibodies can be modified for human administration by 

constructing, through recombinant DNA protocols known to one of skill in the art, a 
chimeric rodent-human antibody composed of rodent variable regions and human 
heavy and light chain constant regions. Another approach to humanizing rodent 
antibodies is to graft rodent complementarity-determining regions (CDRs) fi-om the 

20 rodent variable regions into human variable regions. By using either of these 
approaches, rodent antibodies can be humanized for administration into human 
subjects. 

Throughout this application, various publications are referenced. The 
25 disclosures of these publications in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of the art to which this 
invention pertains. 

Although the present invention has been described with reference to specific 
details of certain embodiments thereof, it is not intended that such details should be 
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regarded as limitations upon the scope of the invention except as and to the extent that 
they are included in the accompanying claims. 
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